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Summary
Biomedical informatics (BMI) is an umbrella scientific
field that covers many domains, as defined several years
ago by the International Medical Informatics Association
and the American Medical Informatics Association, two
leading players in the field. For example, one of the do-
mains of BMI is clinical informatics, which has been form-
ally recognised as a medical subspecialty by the American
Board of Medical Specialty since 2011. Most OECD (Or-
ganisation for Economic Co-operation and Development)
countries offer very strong curricula in the field of BMI,
strong research and development funding with clear tracks
and, for most of them, inclusion of BMI in the curricula of
health professionals, but BMI remains only marginally re-
cognised in Switzerland. Recent major changes, however,
such as the future federal law on electronic patient records,
the personalised health initiative or the growing empower-
ment of citizens towards their health data, are adding much
weight to the need for BMI capacity-building in Switzer-
land.
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Converging sciences around
knowledge, information and data
What is biomedical informatics?
As of 2011, the American Medical Informatics Association
has defined the field “Biomedical Informatics” as the in-
terdisciplinary field that studies and pursues the effective
uses of biomedical data, information, and knowledge for
scientific inquiry, problem solving, and decision making,
motivated by efforts to improve human health [1, 2].
Biomedical informatics covers a broad spectrum of discip-
lines, from bioinformatics to clinical and public health in-
formatics, and spans the spectrum from the molecular to
the population level in health and biomedicine (fig. 1). Re-
cognition of biomedical informatics as a core science in
Switzerland, as is the case in numerous countries such as
the USA, is of highest importance, to foster education, re-
search and translational research. It is becoming even more
important as eHealth develops into a major stream in the
care system. Thus, building capacity and increasing num-
bers of knowledgeable professionals is of importance. A
clear definition is a tool of choice in promoting the discip-
line as a career focus, and providing guidance to students
and faculty designing graduate-level academic biomedical
informatics programmes.
Figure 1
Biomedical informatics is a field of science at the intersection of
other domains and is interdisciplinary by essence [1].
Figure 2
Biomedical informatics and its areas of application and practice.
This figure, adapted from the International Medical Informatics
Association publication on the definition of biomedical informatics
[3], illustrates the umbrella relation between biomedical informatics
and other related fields applying information sciences and
technologies to health.
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Scope and breadth of discipline
Biomedical informatics is pervasive, covering research, de-
velopment and evaluation activities around reasoning,
building models, simulations, experiments, and translation
of data, information, knowledge and algorithm-driven ap-
proaches (fig. 2). It ranges from molecules to individuals
to populations, from biological to social systems, bridging
basic and clinical research and practice, and the healthcare
enterprise.
Theory and methodology
Biomedical informatics develops, studies and applies the-
ories, methods and processes for the generation, storage,
retrieval, use, management and sharing of data, information
and knowledge in the field of health. It covers genomics,
phenotypes, and environmental, behavioural and lifestyle
data.
Technological approach
Biomedical informatics builds on and contributes to com-
puter, telecommunication and information sciences and
technologies, emphasising their application in biomedicine,
evaluating impacts, and assessing risks, challenges, and be-
nefits.
Human and social context
Biomedical informatics builds upon social and behavioural
sciences to design and evaluate technical solutions, policies
and the evolution of economic, ethical, social, educational,
and organisational systems.
Importance for medical research and healthcare
Biomedical informatics is the major science dealing with
electronic patient records, including clinical services, de-
cision support, therapy and management. It is also the dis-
cipline dealing with secondary usage of data for medical
and translational research amongst others, using multimod-
al sources of data, for example in pharmaceutical research,
bioinformatics, biobanking and biomolecular imaging
[4–7].
Biomedical informatics is developing rapidly, as illustrated
by the fast increasing number of publications over time (see
Figure 3
Evolution of publications about “biomedical informatics” compared
with “genetic therapy” according to Pubmed.
This figure illustrates the evolution of publications indexed in
Pubmed with the MeSH term “medical informatics [MeSH]” (left
axis, full line red) and “genetic therapy [MeSH]” (right axis, dotted
line grey) between 1963 and 2013 as of 3 March 2015. The years
2014 and 2015 are left out to avoid bias of publication and indexing
delays.
fig. 3). As of 23 February 2015, a search with the MeSH
term “medical informatics” retrieved a total of 330,919 pa-
pers [8], compared with much lower cumulative numbers
for other MeSH terms, e.g. 39,178 for “genetic therapy“
(fig. 3).
One important aspect of biomedical informatics is the very
fast translational transfer into practice, strongly supported
by public authorities in order to improve the safety, effi-
ciency and transparency of the healthcare system. This res-
ults in increasing importance of clinical informatics in most
countries, for personal health records, eHealth, computer-
ised patient records, clinical decision support, etc.
Clinical informatics has formally been recognised as a
medical subspecialty by the American Board of Medical
Specialty since 2011.
Situation in Switzerland
A new federal law about the shared electronic patient re-
cord is currently being discussed at the political level. This
law is promoting the use of electronic health services,
eHealth and, in particular, the roll out of electronic patient
records as an essential element in the strategy of the Feder-
al Council entitled “Health2020”. In this context, the Swiss
Society for Medical Informatics has been recently commis-
sioned by the eHealth-Suisse coordination organisation to
draw up a “Vision eHealth 2025” [9].
With the electronic patient record, there are great expect-
ations of improvement in patient safety and increase in
the efficiency of the healthcare system [10–13], while em-
powering patients. In order to achieve these objectives on
a wide scale, capacity building, leadership awareness and
serious incentives are necessary to overcome numerous
resistances [14]. Within the US American Recovery and
Reinvestment Act of 2009, approximately $160 billion was
distributed to fund programmes to improve and preserve
healthcare, health information technology, child and com-
munity services, scientific research and facilities, and com-
munity health and prevention initiatives [15]. There is a
very strong Medicare/Medicaid Electronic Health Record
(EHR) Incentive and Penalty Program that provides a two-
step approach to improving EHR adoption: since 2009, $17
billion support incentives for physicians for adoption of
the EHR with incentive payments totalling up to $44,000
per physician over 5 years for Medicare and up to $63,750
per physician over 6 years. On the penalty side, starting
1 January 2015, Medicare reimbursement rates will be re-
duced by 1% for physicians who do not meet this require-
ment. Only users of certified software, properly used and
that meets the “meaningful use” requirements, will be en-
titled to the positive incentive [16–18]. There is a publicly
available list of certified EHRs [19]. However, the pro-
gramme presents many challenges ‒ economic, outcome-
related, ethical, technical and scientific ‒ as described in a
white paper from the American Medical Informatics Asso-
ciation, and requiring true expertise in the field [20]. There
is no such incentive in Switzerland now, but the situation
will start to change with a new federal law on the electron-
ic patient record that should be enacted in 2017 [21]. This
law will introduce mandatory use of the EHR for inpatients
and some limited financial incentives.
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Switzerland is facing an acute lack of both information
technology scientists and physicians, cumulating in a
severe lack of professionals in all the disciplines of bio-
medical informatics. This situation should be taken seri-
ously and a fast and strong answer must be given to limit
the war for talent. The societal challenges of the healthcare
system, as well as consumerist movements such as
quantified-self, or citizen empowerment, the demographic
challenges and the need for healthy aging, pervasive and
supportive environments, not to speak of managed care,
clinical research, etc. require great expertise in biomedical
informatics.
Swiss academic positions in biomedical informatics exist
only in Geneva, with two faculty positions, one for eHealth
and Telemedicine, and the other for medical information
sciences; and in Zürich in clinical informatics. A few new
positions are being created or discussed, but this is still far
below the demand and the need.
Call for action
Although the situation is evolving positively in Switzer-
land, the pace of this evolution is too slow to accommodate
the speed of growth in needs in biomedical informatics in
almost all fields of clinical care and life sciences. Thus, we
call for action according to the following pillars, based on
promotion, incentives and recognition-
a) Education
Education for healthcare professionals should be
fostered, by including some new objectives in their
curricula, notably covering the topics of clinical doc-
umentation and semantic standards, decision support
systems, process-driven care, secondary usage of data,
including big data, and ethical aspects.
There should be specific educational paths in general
biomedical informatics, and also in specific tracks such
as medical decision support or massive data reuse, with
classical training from bachelor to doctorate.
Continuing education and certificates of advanced edu-
cation must be more widely available, as they are still
marginal in Switzerland.
For all these tracks, a consensus should allow proposal
of a common list of objectives and standard contents,
in order to become aligned with international standards
and be compatible with the Bologna Process. Several
examples of such curricula are available from other
countries and may serve as basis for Switzerland.
b) Research and development
In Switzerland a great deal of research related to bio-
medical informatics is going on, but with little synergy
and cooperation. An umbrella organisation in the field
would foster collaborative work. Recent activities, such
as the Swiss-Japanese workshop in Tokyo about tech-
nology and healthy ageing, proved the excellence of
Swiss research, but there was little cooperation between
the groups. Some research funding schemes that pro-
mote collaboration, such as the Sinergia SNF frame-
work, would improve mutual cooperation. In addition,
incentive programmes for early adopters, such as the
“meaningful use” initiative in the United States [17],
could induce a significant difference in implementation
of up-to-date solutions in clinical informatics in Swiss
hospitals, including reuse of clinical data for research.
c) Faculty positions
In order to fulfil the bioinformatics needs, faculty po-
sitions have to be greatly increased in Switzerland, at
both the fundamental and applied levels. For example,
all university hospitals should have at least one faculty
position in the field of clinical informatics.
Conclusion
The use of novel technologies in healthcare offers many
opportunities. However, strengthening biomedical inform-
atics does come with a price tag. Programmes for promot-
ing research and development in this field should be es-
tablished in Switzerland, focussing on electronic patient
records and decision support, clinical big data, semantics
and data interoperability, infrastructure to support clinical
trials and translational medicine. In addition, promotion of
education and training, including academic curricula for
both physicians and computer scientists, is needed.
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Figures (large format)
Figure 1
Biomedical informatics is a field of science at the intersection of other domains and is interdisciplinary by essence [1].
Figure 2
Biomedical informatics and its areas of application and practice.
This figure, adapted from the International Medical Informatics Association publication on the definition of biomedical informatics [3], illustrates
the umbrella relation between biomedical informatics and other related fields applying information sciences and technologies to health.
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Figure 3
Evolution of publications about “biomedical informatics” compared with “genetic therapy” according to Pubmed.
This figure illustrates the evolution of publications indexed in Pubmed with the MeSH term “medical informatics [MeSH]” (left axis, full line red)
and “genetic therapy [MeSH]” (right axis, dotted line grey) between 1963 and 2013 as of 3 March 2015. The years 2014 and 2015 are left out to
avoid bias of publication and indexing delays.
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